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Under field conditions at Site 1 (California), dicamba had a best fit dissipation half-life value of 
63.4 days in soil (SFO model) following the second application, and an observed DT90 value of 
ca. 78 days.  Dissipation rates could not be determined following the first application due to data 
variability.  At the end of the 134-day study period, the total carryover of residues of dicamba 
was 0% of the nominal applied amount, with residues declining to <LOD by 90 days following 
the second application.  The major route of dissipation of dicamba under field conditions at Site 
1 was leaching, with residues of dicamba and DCSA reaching the lowest depth sampled, 90-105 
cm, by 20 days following the second application.  A minor route of dissipation was 
transformation to DCSA, which was detected at a maximum of 3.3% of the nominal applied 
dicamba. 
 
Under field conditions at Site 2 (Georgia), dicamba had a best fit dissipation half-life value of 6.3 
days in soil (SFO model) following the first application.  Following the second application, 
dicamba had a best fit dissipation half-life value of 5.8 days (SFO model), and an observed DT90 
value of ca. 17 days.  At the end of the 134-day study period, the total carryover of residues of 
dicamba was <1% of the nominal applied amount, based on two applications (detected as 
DCSA).  The major route of dissipation of dicamba under field conditions at Site 2 was 
transformation to DCSA, which accounted for a maximum of 12.3% of the nominal applied 
dicamba.  Leaching was identified as a secondary route of dissipation, with residues of dicamba 
reaching the lowest depth sampled, 105-120 cm, by 13 days following the first application; 
however, residues were <1% of the nominal applied in the lowest soil depth. 
 
Under field conditions at Site 3 (Illinois), dicamba had a best fit dissipation half-life value of 4.2 
days in soil (SFO model) following the first application, and an observed DT90 value of ca. 12 
days.  Following the second application, dicamba had a best fit dissipation half-life value of 7.0 
days (SFO model), and an observed DT90 value of ca. 19 days.  At the end of the 132-day study 
period, the total carryover of residues of dicamba was <1% of the nominal applied amount, based 
on two applications (detected as DCSA).  The major route of dissipation of dicamba under field 
conditions at Site 3 was transformation to DCSA; however, DCSA was only detected at a 
maximum of 6.5% of the nominal applied dicamba.  No other routes of dissipation were 
identified. 
 
Under field conditions at Site 4 (Iowa), dicamba had a best fit dissipation half-life value of 4.7 
days in soil (SFO model) following the first application.  Following the second application, 
dicamba had a best fit dissipation half-life value of 5.1 days (SFO model); an observed DT90 
value was not determined due to data variability.  At the end of the 138-day study period, the 
total carryover of residues of dicamba was ca. 5.5% of the nominal applied amount, based on 
two applications (detected as dicamba and DCSA).  The major route of dissipation of dicamba 
under field conditions at Site 4 was transformation to DCSA; however, DCSA was only detected 
at a maximum of 8.1% of the nominal applied dicamba.  No other routes of dissipation were 
identified. 
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E. Analytical Procedures: 
 
Soil samples were analyzed for dicamba and the transformation product DCSA using BASF 
Method D0005 (p. 45).  For each test site, three composite soil samples were analyzed at each 
sampling interval and depth; selected soil samples were analyzed multiple times. 
 
Residues were extracted from soil samples (5.0 g) by shaking for 30 minutes at ca. 300 rpm with 
0.05M ammonium carbonate:acetonitrile (1:1, v:v), followed by centrifugation (3000 rpm) for 10 
minutes (pp. 45-46).  The supernatant was decanted and the extraction was repeated a second 
time.  Extracts were combined and diluted by 1:10 using methanol:1% acetic acid (1:4, v:v).  
Extracts were analyzed by LC (Acquity UPLC HSS T3 column, 1.8 µm, 2.1 x 50 mm) using a 
mobile phase gradient of 0.1% formic acid in water:0.1% formic acid in methanol (90:10 to 
40:60 to 1:99 to 90:10, v:v) with MS/MS detection (Table 16, p. 46).  The LOD and LOQ were 
0.0014 ppm and 0.01 ppm, respectively, for both analytes. 
 
F. Verification of the Extraction Method and Storage Stability: 

 
1. Spike Recoveries: 

 
For Site 1 (California), most concurrent recoveries were within the acceptable range of 70-120%, 
with overall mean recoveries (± RSD) of 98 ± 9.3% (n = 50) for dicamba and 98 ± 11.3% for 
DCSA (n = 47; Appendix 2, Table 1, p. 291).  The only exception was a recovery of DCSA of 
123% at 0.01 ppm.  For Site 2 (Georgia), most concurrent recoveries were within the acceptable 
range, with overall mean recoveries (± RSD) of 98 ± 12.6% (n = 50) for dicamba and 81 ± 
13.8% for DCSA (n = 50; Appendix 2, Table 2, p. 292).  The only exceptions were recoveries of 
dicamba of 124% at 0.01 ppm and 139% at 0.10 ppm, and recoveries of DCSA of 61%, 62%, 
and 68% at 0.01 ppm and 65%, 65%, 61%, and 60% at 0.10 ppm.  For Site 3 (Illinois), most 
concurrent recoveries were within the acceptable range, with overall mean recoveries (± RSD) of 
92 ± 12.7% (n = 39) for dicamba and 76 ± 10.4% for DCSA (n = 39; Appendix 2, Table 3, p. 
293).  The only exceptions were recoveries of DCSA of 65%, 62%, and 68% at 0.01 ppm and 
60%, 68%, 66%, and 65% at 0.10 ppm.  For Site 4 (Iowa), most concurrent recoveries were 
within the acceptable range, with overall mean recoveries (± RSD) of 94 ± 14.3% (n = 33) for 
dicamba and 78 ± 11.1% for DCSA (n = 31; Appendix 2, Table 4, p. 294).  The only exceptions 
were recoveries of dicamba of 61% and 66% at 0.01 ppm, and recoveries of DCSA of 65% at 
0.01 ppm and 68% at 0.10 ppm. 
 
Field-spike recoveries (shipping verification samples) were within the acceptable range of 70-
120%, ranging from 89.3 to 100.8% for Site 1 samples, 73.1 to 104.4% for Site 2 samples, and 
73.9 to 97.3% for Site 3 samples (Appendix 2, Tables 18-20, pp. 308-310).  Samples were stored 
for 118-193 days prior to extraction (reviewer-calculated; see Excel file).  Field spikes were 
prepared at Site 4 (Iowa) on two occasions; however, recoveries were not available at the time 
the study report was prepared (p. 52). 
 

2. Storage Stability Study: 

Soil samples collected and analyzed from previous dicamba terrestrial field dissipation trials 
conducted in California (sandy loam, 2.1% organic matter, pH 6.5) and Indiana (loam, 2.4% 
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organic matter, pH 7.0) were re-analyzed after 19-20.5 months of frozen storage, and showed 
that dicamba and DCSA were stable for at least 19 months (p. 44). 

An additional storage stability study (Puchalski et al. 1999) using three soil types showed that 
dicamba was stable in frozen soil for up to 450 days (14.8 months; p. 44). 

 
II. Results and Discussion 
 
A. Application Verification: 
 
The application rate was verified at all four test sites using a product called Speedisk®, which 
resembles a short-walled Buchner funnel with C18 material placed in the bottom of the funnel (p. 
41).  To verify the application, 10 Speedisks® were placed randomly in each of the three 
replicate plots (30 total per site) prior to each test application.  Following the test application, the 
Speedisks® were collected, composited into three samples (one per replicate plot), and stored 
frozen (Appendix 1, p. 87).  Recoveries achieved on extraction and analysis of application 
monitors ranged from 92 to 139% for Site 1 (California), 97 to 135% for Site 2 (Georgia), 99 to 
126% for Site 3 (Illinois), and 59 to 82% (one replicate plot only) for Site 4 (Iowa; Appendix 2, 
Tables 5-8, pp. 295-298).  Two of the three treated replicate plots at Site 4 did not receive the 
targeted application rate of dicamba due to an inadvertent application error (p. 68). 
 
Additionally, spray tank samples were collected in triplicate before and after both test 
applications at Site 4 (Iowa; p. 51).  Recovery achieved from the tank mix samples before and 
after the first application was 106% and 95%, respectively, and before and after the second 
application was 107% and 101%, respectively. 
 
B. Findings: 
 
Concentrations of constituents measured in the field dissipation study are shown in Table 6. 
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C. Dissipation of Test Compound: 
 
The DT50 values ranged from 4.21 to 7.0 days for dicamba following both test applications at 
Sites 2, 3, and 4, based on the best fit kinetics model, determined using R (ver. 2.15.0) and 
shown below (best fit kinetics models are shown in red, except for GA second application, which 
was judged to be SFO (5.82 days).  Data were variable following both test applications at Site 1; 
the best fit DT50 value following the second application was 63.4 days. Reviewer-reported half-
lives are consistent with reviewer-observed DT50 values, which ranged from ca. 4 to 9 days 
following both test applications for Sites 2-4; observed DT50 values for Site 1 were not 
determined by the reviewer.  Reviewer-reported half-lives were generally consistent with study-
reported half-lives (Table 28, p. 64). 
 

 
Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
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Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
 

 
Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
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Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
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Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
 

 
Kinetics models: Simple First Order (SFO), Double First Order in Parallel (DFOP), and Indeterminate Order Rate 
Equation (IORE). 
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leached through the 30-45 cm layer by 60 days, and would likely be found in soil below 
this layer following the 60-day posttreatment sampling interval.  For a more complete 
mass accounting of the test substance, the reviewer believes that the entire soil profile for 
Sites 1 and 2 should have been analyzed once leaching was demonstrated, rather than 
discontinuing analysis after a few residue-free layers were observed. 
 

2. The stability of dicamba and DCSA in frozen soil was not adequately determined.  Soil 
samples from dicamba terrestrial field dissipation trials conducted in California and 
Indiana were used for the stability determination, with supplemental data reported from 
the peer-reviewed scientific literature (p. 44).  Additional storage stability data were 
obtained from shipping verification samples which were stored for 118-193 days and 
demonstrated acceptable recoveries (Appendix 2, Tables 18-20, pp. 308-310).  However, 
the maximum period of storage prior to analysis was reported as 9 months, which 
exceeds the storage interval for the shipping verification samples.  Storage stability 
studies should be conducted using soil collected from each test site because stability can 
vary across different soils, and for a period of time at least as long as the maximum 
interval that the test samples were stored prior to analysis.  

 
3. An independent laboratory method validation was not conducted.  A method validation 

study should be completed from an independent laboratory separate from and prior to the 
analysis of the test samples to verify the analytical methods used in the terrestrial field 
dissipation study.  

 
4. A complete plot use history for Site 1was not provided to allow the reviewer to determine 

whether similar chemicals were applied to the plots within the previous three years that 
could have affected the degradation of dicamba.  It was not known what chemicals were 
applied in 2008, three years prior to the test application (Table 4, p. 25).  The study 
authors stated that the property was purchased in 2009, and that the prior plot history was 
not known. 
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Attachment 2: Statistics Spreadsheets and Graphs 
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Attachment 3: Calculations 
 

Calculations were performed by the reviewer using R (ver. 2.15.0) and the following equations.  

Single First-Order (SFO) Model 

𝐶𝐶𝑡𝑡 = C0e−kt (eq. 1) 

where,  
 Ct = concentration at time t (%) 
 C0 = initial concentration (%) 
 e = Euler’s number (-) 
 k = SFO rate constant of decline (d-1) 
 t = time (d) 
 
The SFO equation is solved [with the Excel Solver] by adjusting C0 and k to minimize the 
objective function (SSFO) shown in equation 9. 

DT50 = natural log (2)/k (eq. 2) 

DT90 = ln (10)/k (eq. 3) 

Indeterminate Order Rate Equation (IORE) Model 

𝐶𝐶𝑡𝑡 = �𝐶𝐶0
(1−𝑁𝑁) − (1 − N)𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝑡𝑡�

� 1
1−N� (eq. 4) 

where,  
 N = order of decline rate (-) 
 kIORE = IORE rate constant of decline (d-1) 
 
This equation is solved [with the Excel Solver] by adjusting C0, kIORE, and N to minimize the 
objective function for IORE (SIORE), see equation 9. Half-lives for the IORE model are calculated 
using equation 5, which represents a first-order half-life that passes through the DT90 of the 
IORE model. (Traditional DT50 and DT90 values for the IORE model can be calculated using 
equations 6 and 7.) 

𝑡𝑡IORE = log (2)
log(10)

𝐶𝐶01−𝑁𝑁�1−0.1(1−𝑁𝑁)�
(1−𝑁𝑁)𝑘𝑘𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼

 (eq. 5) 

DT50 = 
1)-k(N
C -/2)(C N)-(1

0
N)-(1

0  (eq. 6) 

DT90 = 
1)-k(N

C -/10)(C N)-(1
0

N)-(1
0  (eq. 7) 
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Double First-Order in Parallel (DFOP) Model 

𝐶𝐶𝑡𝑡 = 𝐶𝐶0𝑔𝑔−𝑘𝑘1𝑡𝑡 + 𝐶𝐶0(1 − 𝑔𝑔)−𝑘𝑘2𝑡𝑡 (eq. 8) 

where, 
 g = the fraction of C0 applied to compartment 1 (-) 
 k1 = rate constant for compartment 1 (d-1) 
 k2 = rate constant for compartment 2 (d-1) 
 
If C0 x g is set equal to a and C0(1-g) is set equal to c, then the equation can be solved [with the 
Excel Solver] for a, c, k1, and k2 by minimizing the objective function (SDFOP) as described in 
equation 9. 
 
DT50 and DT90 values can be calculated using equations 2 and 3, with k1 or k2 in place of k. 
 
 
Objective Function: SFO, IORE, and DFOP are solved by minimizing the objective function 
(SSFO, SIORE, or SDFOP). 

SSFO, SIORE, or SDFOP = ∑(𝐶𝐶𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚, 𝑡𝑡 − 𝐶𝐶𝑑𝑑,𝑡𝑡)2 (eq. 9) 

where,  
SSFO , SIORE, or SDFOP = objective function of kinetics model fit (%2) 
n = number of data points (-) 
Cmodel,t = modelled value at time corresponding to Cd,t (%) 
Cd,t = experimental concentration at time t (%) 

 
Critical Value to Determine Whether SFO is an Adequate Kinetics Model 
 
If SSFO is less than SC, the SFO model is adequate to describe kinetics. If not, the faster of tIORE or 
the DFOP DT50 for compartment 2 should be used. 

𝑆𝑆𝑐𝑐 = 𝑆𝑆𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 �1 + 𝑝𝑝
𝑛𝑛−𝑝𝑝

𝐹𝐹(α,𝑝𝑝,𝑛𝑛 − 𝑝𝑝)� (eq. 10) 

where, 
Sc = the critical value that defines the confidence contours (%2) 
p = number of parameters (3 in this case) 
α = the confidence level (0.50 in this case) 
F(α, p, n-p) = F distribution with α level of confidence and degrees of freedom p and n-p 

 
 

43




